July 1, 2009

Mr. James A. Gresham, Manager

Regulatory Compliance and Plant Licensing

Westinghouse Electric Company

P.O. Box 355

Pittsburgh, PA 15230-0355

SUBJECT: WESTINGHOUSE ELECTRIC COMPANY REQUEST FOR ADDITIONAL
INFORMATION RE: TOPICAL REPORT WCAP-16498-P “17 x 17 NEXT
GENERATION FUEL REFERENCE CORE REPORT” (TAC NO. MD8540)

Dear Mr. Gresham:

By letter dated April 3, 2008 (Agencywide Documents Access and Management System
Accession No. ML081010602), Westinghouse Electric Company (Westinghouse) submitted for
U.S. Nuclear Regulatory Commission (NRC) staff review Topical Report (TR) WCAP-16498-P
entitled “17 x 17 Next Generation Fuel (17x17 NGF [Next Generation Fuel]) Reference Core
Report”. Upon review of the information provided, the NRC staff has determined that a Request
for Additional Information (RAI) is needed to complete the review. On June 22, 2009, Mr.
William Slagel, Westinghouse Licensing Engineer, and | agreed that the NRC staff should
receive your responses to the enclosed RAI questions by August 28, 2009. If you have any
questions regarding the enclosed RAIl questions, please contact me at 301-415-1970.

Sincerely,

/RA/

George C. Bacuta, Project Manager
Special Projects Branch

Division of Policy and Rulemaking
Office of Nuclear Reactor Regulation

Project No. 700

Enclosure:
RAI questions

cc w/encl: Anthony Nowinowski, Manager
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REQUEST FOR ADDITIONAL INFORMATION

BY THE OFFICE OF NUCLEAR REACTOR REGULATION FOR

WESTINGHOUSE ELECTRIC COMPANY TOPICAL REPORT

WCAP-16498-P “17 x 17 NEXT GENERATION FUEL REFERENCE CORE REPORT”

TAC NO. MD8540

WESTINGHOUSE ELECTRIC COMPANY (WESTINGHOUSE)

PROJECT NO. 700

PART 1

Westinghouse states that the 17X17 Next Generation Fuel (NGF) design results in very small
differences in nuclear design characteristics compared to those of the 17X17 Robust Fuel
Assembly (RFA) fuel design. This statement only makes sense in the context of two reference
cores, wherein only the fuel assembly designs differ. The following Request for Additional
Information (RAI) request a one-to-one comparison between methodologies, computer codes
and specific performance characteristics as they relate to the fuel performance analysis of
17X17 RFA and 17X17 NGF fuel designs described in Table 2-1 in WCAP-16498-P in the
context of the same reference core.

RAI-1: Core Nuclear Design
In the analyses of the neutronic performance of the two designs, (i.e. 177X17 RFA vs.
17X17 NGF) what is used for the following analyses. If they differ between the two designs,

describe the differences and their consequences.

Cross section generation:

1. What were the basic cross section data? (For example, ENDF/B — Version?) If
they differ what are the key isotopes that introduce differences in the results?

2. Were the same cell codes and homogenization techniques used for the two
designs?
3. What and how were the assembly design differences taken in account in the

generation of the cross sections?

Neutrionic analysis:

1. Westinghouse states the differences in the nuclear design characteristics
between the two assembly designs are very small. What is the reference core
which allows you to come to that conclusion? How is small defined?

ENCLOSURE 1



RAI-2:
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What neutronic codes were used for steady-state, transient and burnup neutronic
analyses to generate the required input for fuel performance and system accident
analyses?

Compare the axial nodal mesh in the neutronic analysis of the two assemblies?
How does it relate to Span # in Fig. 2-1 of the Topical Report (TR)?

What are the material volume fractions within each axial node? How is the
difference in the structural material between the two designs taken into account?

What are the limiting power peaking factors: Core - axial and total, Peak
assembly - axial and total? Do these peaking factors occur in the same assembly
at the same fuel pin in the reference core for the two designs? When in the
residence time of the assembly do they occur?

What are the peak and average discharge burnups? Do they occur in the same
assembly and fuel pin?

What is the beginning of life (BOL), end of life (EOL) and limiting moderator
coefficient for each design?

What is the BOL, EOL and limiting rod worth for N-1 shutdown (i.e. stuck rod) for
each design?

Fuel Assembly Thermal-Hydraulic Design

1.

Briefly describe the thermal-hydraulic codes, methods that based on the neutronic
analyses outputs are used to compute the necessary inputs for the fuel assembly
and fuel pin mechanical performance analyses.

Compare the axial AP distribution in the peak channel for the two designs in
steady-state operation.

Compare the axial peak cladding temperature distribution of the peak pins in the
cores in steady state operation. Are they the same pin in the two cores?

Compare the peak sub-channel axial coolant temperature distributions in steady
state operation.

What are the maximum net upward forces on the fuel assemblies due to axial
flow at steady state operation?

What is the figure of merit for assessing the margin to the density wave
instability? What are the thermal-hydraulic variables that are used to compute
this figure of merit? Which one is the dominant contributor to this particular
analysis? What are the values of this figure of merit in the case of the two cores
under consideration?
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What is the limiting predicted channel closure due to rod bowing for the two cores
in steady state? What is the estimate for the limiting transient?

RAI-3: Fuel Assembly Mechanical Design

Fuel assembly growth:

1.

Describe the codes that compute the required axial clearance between the core
plates and nozzle end plates that are used to demonstrate sufficient margin for
fuel assembly and fuel pin growth to design burnup in steady state operation.
What physical phenomena are taken into account in computing growth? What is
the dominant phenomenon in steady state operation?

At what point in the residence time of the fuel are the transient contributions
computed? Why are they limiting at that point? What is the dominant
phenomenon that contributes to axial growth during the transient at this point in
the residence time?

Fuel assembly hydraulic stability:

1.

2.

The basis for demonstrating that fuel rod wear due to contact with mid-grids and
IFM- grids is well within the Westinghouse guideline for limiting wear is
demonstrated by flow tests at the VIPER Loop and at the FACTS Loop. Are the
test assemblies at each loop BOL assembilies. If so, how are the radiation and
the variation in the thermal-hydraulic environment taken into account. If some or
all are neglected, what is the rational and how does this still justify the claim that
the test represents the limiting conditions?

What are the margins to the Westinghouse guideline value for the two cores?

Fuel assembly structural integrity, and shipping and handling loads:

1.

What are the Westinghouse figures of merit with regard to seismic and
loss-of-coolant accident (LOCA) loads in the case of fuel assembly structural
integrity loads, and to what fuel assembly components are they applied?

Are the margins determined purely by testing; or are some based on
computation?

What are the margins for each core?

Are the radiation history and the evolution of the thermal-hydraulic environment
taken into account in the test and analysis results?

Structural components:

For the structural components listed in section 2.4 of the TR:
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What are the Westinghouse figures of merit with regard to each component?

Are the margins determined purely by testing; or are some based on
computation?

What are the margins for each core?

Are the radiation history and the evolution of the thermal-hydraulic environment
taken into account in the test and analysis results?

RAI-4: Lead Test Assembly Program

1.

PART 2

What is measured and what are Westinghouse’s limits on these measured
values? How do you arrive at the limits for EOL conditions and those for
inspections before EOL?

What is the physical basis for the limiting values, in particular how do you account
for the time-dependent irradiation and temperature environment of the fuel
assembly in computing the margin?

How do you assess the uncertainty in the figures of merit that are compared to
the limits?

Are the lead test fuel assemblies periodically disassembled for inspection and
measurement and reconstituted for further irradiation?

For the test fuel how do you quantify gas pressure and fuel-cladding mechanical
interaction? How do you determine the uncertainty in these quantities?

RAI-1: Provide the Fuel Rod Design Calc Note.

RAI-2: Provide the Thermal-Hydraulic Design Calc Note.

RAI-3: Provide the Core Design Calc Note.

RAI-4: Fill in the following table for 17x17 NGF Fuel providing the appropriate units (sample
units are given).

Rod Size (units)
Outer Diameter in
Inner Diameter in
Pellet Diameter in
Stack Length in
Plenum Length in
Spring Dimensions




spring outer diameter in
spring wire diameter in
number of spring turns

Pellet Shape

Pellet Height in
Central Hole Radius in
Dish Radius in
Dish Depth in
Pellet Isotopics

Fuel U-235 Enrichment %
Gadolinia content wt fraction
water in pellet ppm
nitrogen in pellet ppm
percent IFBA rods in core %
Boron-10 enrichment in ZrB, atom%
ZrB, layer thickness in
Density of ZrB, % T.D.
Pellet Fabrication

pellet density %
open porosity %
pellet surface roughness in
expected density increase g/cm?®
sintering temperature °F
Cladding Fabrication

Cladding type

Cladding cold work

Cladding surface roughness in
cladding texture factor

Hydrogen in cladding ppm
Rod Fill Conditions

Fill gas pressure psi
Fill Gas

Reactor Conditions

rod pitch in
Coolant Conditions

coolant pressure psi
coolant inlet temperature °F
coolant mass flux Ib/hr-ft2
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Cladding cold work — Cold-work of the cladding (fractional reduction in cross-section area due to
processing).

Cladding texture factor — defined as the fraction of cladding cells with basal poles parallel to the
longitudinal axis of the cladding tube.

1. The above table will be used to generate the FRAPCON input deck. Currently,
FRAPCON does not have Optimized-ZIRLO as a ‘cladding type’. Therefore,
discuss any differences between ZIRLO and Optimized-ZIRLO for any relevant
input parameters (such as ‘Cladding cold work’).

2. Provide the Radial Fall Off Curve as well as the associated axial power
distributions.

3. Provide the Radial Fall Off Curve for 5 peak rods as well as the associated axial
power distributions.

4, What is the crud deposition rate?

5. What is the initial crud thickness?




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


